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2 ! We study negative-parity baryon spectra in quenched anisotropic lattice QCD. The 
CN ! negative-parity baryons are measured as the parity partner of the ground-state baryons. 

In addition to the flavor octet and decuplet baryons, we pay much attention to the fiavor- 
O ' singlet negative-parity baryon as a three-quark state and compare it with the A(1405) 
baryon. Numerical results of the flavor octet and decuplet negative-parity baryon masses 
are close to experimental values of lowest-lying negative-parity baryons, while the fiavor- 
Qh! singlet baryon is much heavier than A (1405). This indicates that the A (1405) would be a 
^ I multi-quark state such as the NK molecule rather than the flavor- singlet 3 quark state. 

: 1. INTRODUCTION 

H : 

. 5t , In the lattice QCD Monte Carlo calculation, the spectroscopy of the ground-state 
hadrons in the quenched approximation has been almost established and reproduces the 
experimental values within 10% deviations. On the other hand, the spectroscopy of 
the excited-state baryons is a current interesting subject in lattice QCD. In this study, 
we focus on the low-lying negative-parity baryons, especially the parity partner of the 
ground-state baryons and the fiavor-singlet baryon, A(1405). A(1405) is a mysterious 
baryon in the quark model viewpoint. It is the lightest negative-parity baryon though 
it has strangeness. Our purpose of this paper is to clarify whether a naive three valence 
quark picture can explain the mass of A (1405) using the characteristics of quenched lat- 
tice QCD, and to investigate spectra of the parity partners of the ground-state baryons of 
the flavor octet and decuplet states[m2]. The other possible candidate for the A(1405) 
state is the NK (5-quark) state. It is useful to employ the quenched approximation to 
know whether the dominant component of A(1405) is the three-quark state, because the 
overlap with the three-quark and five-quark states is absent and hence the properties of 
the purely three-quark state can be singled out. 
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Table 1 

Baryon operators. C is the charge conjugate matrix. 

Octet = {Cj5)f3-y[Ua{d[^S.y — spd^) — da{spu^ — UpS^)] 

Octet (A) -Ba(A) = {C'y^) j3^[ua{di3S^ — spd^) + da{sfsu^ — u^s^) — 2sa{uf}d^ — dfsu^)] 
Decuplet i?Q,A;(S*°) = iC'yk)py[ua{dps^ + spd^) + da{spu^ + Uj^s^) + Sa{upd^ + dfsu^)] 
Singlet Ba{Ai) = (C75)/3-y[MQ,(c?/3S^ — Sjsd^) + da{s/^u.y — ups^) + Sa{upd.y — dpUj)] 



2. LATTICE SETUP 

We employ the standard Wilson gauge action and the 0{a) improved Wilson quark 
action with tadpole improvement. We adopt the anisotropic lattice because high resolu- 
tion in the temporal direction makes us easy to follow the change of correlation of heavy 
baryons. We take the renormalized anisotropy as ^ = a^/a^ = 4, where a„ and a^- are 
the spatial and temporal lattice spacings, respectively. The simulation is performed on 
three lattices for which the parameters are well tuned and the errors are rather well eval- 
uated in Ref.[^. The sizes of the lattices are 12^ x 96 {(3 = 5.75, a-^ = 1.34(6) GeV), 
16=^ X 128 {p = 5.95, = 1.099(9) GeV) and 20^ x 160 {p = 6.10, a'^ = 1.871(14) GeV). 
The scale is determined from the K* meson mass. Determination of the parameters 
is described in Ref.fE]. 

On the quark mass, we adopt four different values, which roughly cover around the 
strange quark mass. We use the standard baryon operator listed in Tabled which survive 
in the nonrelativistic limit. The negative-parity baryons can be also measured by these 
operators using the parity projection. They are nothing but the parity partners of the 
ground-state baryons. In the source operator, each quark is smeared with the Gaussian 
function of the width ~ 0.4 fm. 

3. RESULTS AND DISCUSSION 

The lattice data and the fit results of the baryon for the /3 = 6.10 lattice are shown in 
Fig. ^ The physical u, d and s quark masses are determined with the vr and K meson 
masses. We fit the mass data to the linear form for the pseudoscalar meson mass square. 

In order to compare our lattice results with experimental values, various baryon masses 
for f3 = 6.10 lattice together with the experimental values are shown in Fig. |21 As 
for the negative-parity baryons, most of the present lattice results comparatively well 
reproduces the experimental spectra of the lowest-lying negative-parity baryons, in spite 
of relatively large statistical errors. (For the light baryons such as the nucleon and the 
delta, it is reported that there are non-analytic terms in the chiral extrapolation of the 
nucleon in the quenched level, which may cause the nucleon and the delta heavier than the 
experimentally observed masses to some extent.) However, the lattice result of the flavor- 
singlet negative-parity baryon is much heavier than the experimentally observed A(1405). 
Note here that the flavor-singlet baryon has one strange valence quark and therefore the 
ambiguity from the chiral extrapolation should be less than that of the nucleon and the 
delta. Nevertheless, the discrepancy between the lattice result and experimental value 
of A(1405) is the largest of all. Even if we take the quenching effect of 10% level into 
account, this large discrepancy cannot be understood. Therefore, the numerical result for 
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Figure 1. Spectra of the positive- and negative-parity baryons for the (3 = 6.10 lattice. 
Octet and decuplet baryons are shown in the left figure and octet (A) and singlet baryons 
in the right figure. The open symbols denote lattice data and the filled symbols the results 
fitted from the linear form of the chiral extrapolation. 



the flavor-singlet baryon exhibits a different feature from other channels, which indicates 
that it is unacceptably heavier than A(1405). Thus, we conclude that the present lattice 
result indicates that the three valence quark picture fails to represent the experimentally 
observed A(1405), i.e., the overlap with the 3Q component of A(1405) is small. The other 
possible candidate for A (1405) is a five-quark NK state. Lattice calculations of the NK 
(5Q) state will also elucidate the nature of A (1405). 

We focus on other negative-parity baryons. From Fig. |2l we see that the lattice results 
of the flavor octet and decuplet sectors are all close to the observed lowest-lying negative 
parity baryons, A^(1535), A(1670), S(1620), S(1690) and A(1700), although they have a 
relatively large statistical error. The identification of the parity partner of the sigma 
baryon is interesting because the evidence of existence of S(1620) is only fair[inj. As for 
the H baryons, although the S with = \ baryon is not known experimentally, we can 
identify the parity partner as S(1690) from our results. For the flavor decuplet baryons, 
A(1700) can be regarded as the parity partner of A(1232). 

4. CONCLUSION 

We have studied the mass spectra of the negative-parity baryons, which are the parity 
partners of the ground-state (positive-parity) baryons, and the fiavor-singlet baryons in 
the quenched anisotropic lattice QCD. The positive- and negative-parity baryon masses 
are extracted from the same baryon correlators with the parity projection. 

Compared with the experimental values, our present results of the lattice calculation 
show that the possible assignment of the parity partners of the ground-state baryons for 
octet and decuplet is the lowest-lying negative-parity baryons. It is also interesting to 
relate our lattice data to some phenomenological models for parity doublet baryons[|l] 
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Figure 2. Various baryon masses from the f3 = 6.10 lattice. For the negative-parity 
baryons, we add the experimental values of A^(1535), A(1670), E(1620), S(1690), A(1700) 
and A(1405). 



for future. 

On the other hand, the mass of the negative-parity flavor-singlet baryon is much heavier 
than that of A(1405), whose behavior is quite different from other negative-parity baryons. 
This large discrepancy between the lattice result and experimental spcctrTim seems to 
imply that the three valence quark picture fails to represent the A(1405) state, i.e., the 
overlap with the three-quark state of A(1405) is small. For more definite understanding 
of A(1405) spectrum, one needs more extensive work about the flavor-singlet baryon such 
as the observation of the NK (flve-quark) state. Such a study is interesting even at the 
quenched level, where the dynamical quark-loop effect including the quark- ant iquark pair 
creation is absent and then the quark-level constitution of hadrons is definitely clear in 
the simulation. 
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